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(54) Tide: PURIFICATION OF FACTOR VIE 
(57) Abstract 

Purification of Factor VIII containing solutions, such as blood plasma, by continuous fi^^^a^^.Wh^' 
to purification o? such solutions has been performed by methods such as cxyopredpitation whjch however have the das- 
2^S^p2™^?Ia our invention, this problem is overcome by a^ustingthe pH of a Factum comammg 
solution to bebTa range where the stability of Factor VIE is not adversely affected (e*. 6 to 9) and then subjectog the 
sdution to ^yxZlT^o^oi^to give purified Factor YIH fractions. If desired, the fractions may be further 
purified. .* , 
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Purif ication of Factor VTII 
TECHNICAL FIELD 

This Invention relates to the purification of Factor 
VIII containing solutions, such as blood plasma, by continuous 
flow electrophoresis. 

BACKGROUND ART 

Factor VIII is the antihaemophilic factor in blood. 
Its actual structure- is, at present, unknown though it is 
suspected to be a complex high molecular weight protein or 
possibly associated with such a protein. There is much 
interest in its extraction, e.g. from blood plasma, so that 
it can be used in the treatment of patients suffering from 
haemophilia. Factor VIII is, however, unstable and 
this has created difficulties in its extraction. Methods 
of extraction are, however, available such as a cryoprecipitation 
method. This method has the disadvantage of poor recovery 
(e.g. about kO%) of Factor VIII from the initial plasma and 
of giving rise to a dilute product, which accordingly creates 
problems of administration to the patient because of the 
large volume of product required to achieve suitable dose 
levels. The dilute product may, however, if required, be 
further purified and freeze dried to give a concentrated form 
of Factor VIII, but with further loss of Factor VIII activity. 
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DISCLOSURE OF INVENTION 

tfe have now devised a method of extracting Factor VIII 
from blood plasma and other Factor VIII containing solutions, 
such as partly purified blood plasma, which, we believe, 
5 substantially overcomes the aboveraentioned problems. Our 
method includes the application of continuous flow * 
electrophoresis to Factor VIII extraction. 

The present invention provides a method . of purifying a 
Factor VTII containing aqueous solution characterised by the 
10 steps of 

(i) reducing the ionic strength of the solution to -a - 
level such that it is capable of being 
electrophoresed; 
(ii) adjusting the pH of the solution to within a range 
15 where the stability of Factbr VIII is not 

adversely affected; 
(iii) subjecting the product of step (ii) to continuous 
flow electrophoresis by injecting the solution 
as a migrant solution into a second aqueous solution. 
20 laminar ly flowing in an annular separation chamber 

as a carrier solution for the migrant solution and 
- stabilised by means of an angular velocity gradient, 
and applying a constant electric field across the 
resulting mixture to produce a differential movement 
25 • of the Fact or VIII component of the migrant solution 

with respect to the other major components of the 
solution perpendicular to the direction of flow of 
the layer; and 
(iv) collecting the separated Factor VIII component. 

30 If desired, the separated Factor VIII component, which 

is in aqueous solution, may be further purified, for example, 
by freeze drying, redissolving in water, adjusting the pH 
to 7 and removing insoluble material or preferably by 
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concentrating using a hollow fibre concentrator before freeze 
drying. In specific examples, we have achieved an overall 
reco verv of at least 6C* from the initial plasma with a 
14-fold" purification over the initial plasma. Also, we have 
found that the final product contains virtually no 
fibrinogen, whilst the major contaminant is albumin which, 
ve believe, however, may have little effect upon the 
Factor VIII. 

Step (i) of our method has to he carried out in order 
to be able to carry out step (111). A number of methods may 
be used in step (i) such as gel filtration and dialysis. 
Ve prefer to use dialysis because of its simplicity and 
because it causes no detectable loss of Factor VIII activity 
in Factor VIII containing solutions such as blood plasma. 

The product of step (i) may in some cases require 
dilution before it can be used in subsequent steps (11) and 
(iii) in order to lower the protein concentration to a level 
suitable for electrophoresis to be carried out. 

Step (iii) is most conveniently carried out as 
generally described in U.K. Patent Specif icati ° n N °; 
I 186 184 (corresponding to U.S. Patent No. 3 616 4 53 ), ^ch 
describes a process and apparatus where stabilisation of 
flowing streams in continuous flow electrophoresis is 
effected by an angular velocity gradient. Thus, in our 
25 method, the fractionation may be effected in an annular 
separation chamber defined between a central stationary 
cylinder (a stator) and an outer rotating cylinder (a rotor), 
vhich results in a gradient of angular velocity across the 
annular chamber giving laminar flow at high throughputs. 
30 The constant electric field is then applied across the 
annular chamber to produce the differential movement of 
the Factor VIII component of the migrant solution, 
improvements and/or modifications of the apparatus described 
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in U.K. Patent Specification No. 1 186 184 are described 
in U.K. Patent Specification Nos. 1 431 887 and 1 431 888 
(corresponding to U.S. Patent No. 3 844 926). 

The pH of the migrant solution in step (iii) may 
5 suitably be in the range of 6 to 9 though we generally 

prefer that it is in the range of 7 to 8.5. The adjustment 
of the pH of the product of step (i) in step (ii) may 
suitably be carried out by means of an appropriate buffer 
solution. pH has to be adjusted as in step (ii) because of 

10 its effect on stability of Factor VIII. Thus, Factor VIII 
is stable at pH 7, but its stability decreases as the pH 
moves away from 7. However, if the residence time of the" 
migrant solution under the conditions of step (iii) is 
short, it may be possible to carry out the step at pH* s 

15 remote from 7. A further consideration is that, at pH f s 

approaching 7, more electrical power is required to produce 
a given mobility of a component of the migrant solution 
because of its net charge and this may give rise to 
heating such as to affect the stability of the Factor 

20 VTII. Taking these conflicting requirements into account, 

we particularly prefer that the pH of the migrant solution 'is 
7.5. A further preferment is that the electrical conductivity 
of the migrant solxxtion is in the range of 0.75 to l.O mScm" 1 
at 20 °C. 

25 Step ( iv) may be carried out as described in U.K. 

Patent Specification Nos. 1 431 887 and 1 431 888. Thus, 
if our method is carried out as described in these 
specifications, the direction of migration of the migrant 
solution is centrifugal and the injection thereof accordingly 

30 effected at the inner side of the flow of the carrier 

solution. The direction of flow is 'generally upward and 

is helical in pattern because of the effect of the rotation 

of the rotor. Separated components may then be collected by 
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means of an off-take system located in the stator and 
consisting of a series of parallel Baseplates with spacers. 
A particular separated component may then pass through one or 
more particular mazeplates and hence into collecting tube(s). 

The invention also provides Factor VIII obtained by the 
present method, 

BEST MODE FOR CARRYING OUT THE INVENTION 



Example 1 

Fresh, frozen human blood plasma (250 ml) was thawed 
rapidly and dialysed overnight against an aqueous tris-citrate 
solution (101,; P H7-0; conductivity 0. 75 mS cm" ) at 4°C in 
order to reduce the salt concentration of the plasma. The 
dialysed plasma was then diluted approximately 1.5 times 
with an aqueous tris-citrate solution to give a product of 
pH 7.5 and an electrical conductivity of l.O raScm" at 20 C. 

The above product, as a migrant solution, was then 
warmed to 20°C and electrophoresed using a continuous 
electrophoretic separation apparatus of the type generally 
described in U.K. Patent Specification Nos 1 431 887 and 
1 431 888. The apparatus had 29 outlet ports, a stator 
radius of 40 mm, a rotor radius of 45 mm to give an annular 
gap of 5 mm, and electrodes 304 mm in length. A carrier 
solution at 2°C comprising an aqueous tris-citrat evolution 
(pH 7.5: electrical conductivity 0.75 mScm" at 20 C) 
was passed upwardly through the annular gap at a rate of 500 
ml/minute and the flow stabilised by rotation of the rotor. 
The migrant solution was injected into the annular gap at 
a rate of 10 ml/minute. The electrophoresis was carried 
out at 35 amps and 27 volts giving a temperature rise of 
carrier solution of 20 °G, i.e., from 2°C to 22°C. The 
electrolytes were ammonium acetate (1M; pH 7.5) for the 
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cathode and an equal volume mixture (pH 7*5) of ammonium 



citrate (0.2 M) and amrnoniura phosphate (0.15 M) for the 

anode. Separated components containing Factor VIII activity 

as judged by a one-stage assay procedure -were collected and 

5 those containing about 75% of the total Factor VIII clotting 

activity (which was from k to 5 of the outlets) were pooled 

o 

together, freeze dried and stored at -25 C. The one-stage 
assay procedure used was as described in American Journal 
of Chemical Pathology, Vol. 61 No. 2 February 1974: 
10 "Reassessment of a Non-Haemophilic Reagent for Factor VIII 
(AHF) Determination" by de Angula & Fro mm el. 

The above freeze dried product was redissolved in about 
1/30 th of the volume, from electrophoresis, of distilled water 
to give a concentration of about 15 mg/ml of protein, the pH 

15 adjusted to 7 using dilut e ammonia solution and insoluble 
material removed by centrif ugation at 15O0O r.p.m. for 15 
minutes. A further one-stage assay as above showed that 
about 8>0% of the Factor VIII activity of the pooled components 
had been recovered. Thus, the overall recovery from the 

20 initial plasma was at least 60#, with a 14-fold purification 
over the initial plasma in relation to protein concentration. 

The final product contained virtually no fibrinogen; 
the major contaminant was albumin. Factor VIII related 
antigen was also present; the ratio of clotting * activity 
25 to antigen was approximately the same as in the initial 



The procedure of Example 1 was repeated with the 
30 exception that, before freeze drying was carried out, the 

collected Factor VIII containing components were concentrated 
10 to 20 fold using a hollow fibre concentrator (from 



plasma (The antigen is the protein associated with the 
Factor VIII clotting activity) . 
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..^ w ,- th a 10,000 molecular weight cut off. 
Amicon Corporatxon) wxtn a iu,uu o r 
Tn e resultin* concentrate was then dialysed at k C agaxnst 
!o25 M Tris acetate of pH 7.5 at least two hours before 

freeze drying. 

crt1v1n , ^ about l/30tn of the volume, 
The product, on redissolving xix &o« 

from electrophoresis, of distilled water, was stable for 3 to 
k days at 4«C, also, recovery of Factor VIII actxvxty was 
fo und to he rcore reproducible than hy usins the procedure 
of Example 1. 
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Claims 

1. A method of purifying a Factor VIII containing aqueous 
solution characterised by the steps of 

(1) reducing the ionic strength of the solution to 
a level such that it is capable of being 
electrophoresed; 
(ii) adjusting the pH of the solution to within a 

range where the stability of Factor VIII is not 
adversely affected; 
(iii) subjecting the product of step (ii) to continuous 
flow electrophoresis by injecting the solution, 
as a migrant solution, into a second aqueous solution, 
laminar ly flowing in an annular separation chamber 
as a carrier solution for the migrant solution and 
stabilised by means of an angular velocity gradient, 
and applying a constant electric field across the 
resulting mixture to produce a differential movement 
of the Factor VIII component of the migrant solution 
with respect to the other major components of the 
solution perpendicular to the direction of flow of 
the layer; and 
(iv) collecting the separated Factor VIII component. 

2. A method according to claim 1 wherein the pH of the 
solution in step (ii) is adjusted to be in the range of 
6 to 9. 

3. A method according to claim 2 wherein the range is 7 
to 8.5- 

* k m A method according to claim 3 wherein the pH is 7-5- 

5. A method according to any of the preceding claims wherein 

the electrical conductivity of the solution in step (ii) 

— 1 o 

is adjusted to be in the range of 0.75 to 1 -O mScm at 20 C. 
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6. A method according to claim 1 wherein the separated 
Factor VIII component is further purified. 

7. A method according to claim 6 wherein the further 
purif ication is effected by concentration using a hollow 
fibre concentrator followed by freeze drying. 

8. Factor VIII prepared by a method according to claim 1, 
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